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The present work aimed to investigate changes in growth and some metabolic activities in NaCl-
stressed bean seedlings, and assessing the role of ascorbic acid to alleviate these changes. The
germination was carried out to study the response of presoaked faba bean seeds (Vicia faba cv.
Misr 2) in freshly prepared ascorbic acid (50 ppm ≈ 0.3 mM; as recommended dose as described
by El-Tayeb, 1995) or distilled water (control) for 4 hrs at natural environmental conditions, to
salinity stress during germination period. The radicle and plumule lengths were inhibited at high
dose of NaCl but, ascorbic acid application to salt-treated seeds seemed to increase radicle and
plumule elongation. The radicle and plumule fresh and dry weights were gradually decreased with
increasing NaCl concentrations but, a noticeable increase of radicle and plumule fresh and dry
weights were reached in seedlings treated with ascorbic acid. The pigment biosynthesis was
substantially affected by salt treatment. Addition of ascorbic acid to stressed seedlings more or
less furthered the inhibitory effects of salinity. Salinity enhanced the accumulation of reducing
sugars in both radicle and plumule of Vicia faba seedlings as compared with control. Ascorbic
acid treatment furthered the stimulatory effects of NaCl. Salinity gradually lowered the protein
content of plumules. Ascorbic acid treatments raised the accumulation of protein contents in
radicle to a great extent compared to those subjected only to NaCl. Plumule alkaloid content was
lowered by low and moderate levels of NaCl. Coupling ascorbic acid to salt treated seeds induced
a highly significant increase in alkaloid content of plumules compared to its corresponding
controls.  Sodium  chloride  treatments  to  Vicia  faba  seeds  for  two  days  caused  a drastic
suppression of α- and β-amylase activities. Ascorbic acid application to non-salinized seeds
seemed without effects whereas, the salt-treated seeds showed more or less furthered the same
effect of salinity. From the previous results we can observed that ascorbic acid achieved a better
results during germination indexes.
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The most common plant response to salt stress is
a general reduction in growth and yield.  Neumann,
(1997) and Aly et al., (2003) stated that when the salt
stressed increased the growth rate and the size of
crop plants dramatically affect by salts. This growth
suppression was related to osmotic potential of the
soil   water   caused   by   soluble   salts.   Within   limits,
concentrations   of   different   combinations   of   salts
cause nearly equal reductions in growth. On the other
hand, Levitt, (1980) found that excess of ions lead to
yield reduction caused by ion toxicities or nutritional
imbalances. The herbaceous crops are exposure to
osmotic effects as a result of saline soils in the field
generally consists of mixture of different salts. Soil
salinity has become a serious environmental problem
which affects the growth and productivity of many
crops.   The   soil   water   potential   is   dramatically
decreased by rising of salt levels in the soil. High salt
content also affects the physiology of plants, both at
the cellular as well as whole plant levels (Murphy et
al., 2003).  Levitt, (1980)  and  Ebrahim, (2005)  said
that soybean is very sensitive to ion toxicity as it is
herbaceous   crop   which   do   not   exhibit   leaf   injury
symptoms, but in reversible the woody species exhibit
leaf injury when Cl
- or Na
+ ions accumulated. 
Preeti et al. (2000) recorded the changes in the
levels of amylase and ascorbic acid in horsegram,
soybean and faba bean seeds during germination
(until the 5th day). They found that amylase activity
increased till the 3rd day post-treatment in soybean
and faba bean and thereafter declined. In horsegram,
it decreased   on   the  1st   day  and  then  increased
gradually and the values on the 4th, 5th day were
similar. Ascorbic acid content was maximum on the
3rd day in germinated soybean and faba bean, but
decreased in soybean only. However, in horsegram
seeds, its content increased continuously till the 5th
day.
Ascorbic acids (C6 H8 O6) is present in all living
plant cells, the largest amounts being usually in the
leaves and flowers,  i.e., in actively growing  parts
(Smirnoff et al., 2001 and Ebrahim, 2005). 
Ascorbic  acid serves  as a hydrogen  transport
agent which involved in cellular oxidation reduction
reactions. Attempts have been made to employ active
vitamins to overcome the drastic effects of salinity on
seed germination and seedling growth as well as on
some metabolic mechanisms (Khan and Zaidi, 1985;
Ansari and Khan, 1986; Samiullah and Afridi, 1988).
Presowing seed treatment of responsive cultivars with
vitamins could thus be exploited to enhance grain
yield   at   harvest   (Kudrev   and   Pandev,   1965).
Moreover,  Oertli (1987) reported that under certain
conditions, the exogenous application of vitamins to
plants stimulate their growth, Thus, a part from their
main role as coenzymes, it is not improbable that
vitamins may also play other independent roles in the
biochemical   processes   of   plants,   repairing   the
injurious effects of unfavorable conditions. Ascorbic
acid can be scavenged the reactive oxygen species
which are very harmful on the plant growth. It is a
product of D-glucose metabolism which affects some
nutritional cycle activities in higher plants and plays an
important role in the electron transport system (El-
Kobisy et al., 2005). Several studies have shown that
ascorbic acid plays an important role in improving
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plant   tolerance   to   abiotic   stress   (Shalata   and
Neumann, 2001; Al-Hakimi and Hamada, 2001; Athar
et al., 2008).
Beans (Vicia faba) are considered the first legume
crop in Egypt of the arable area. Total yield and
consumption as green and dry seeds are consumed in
human feed because the plant has high levels of
protein (18 %), carbohydrates (58 %), vitamins and
other minerals. In addition to the improvement of soil
texture and its fertility, the plant seeds are considered
as a valuable source for energy and proteins  (El-
Greadly, 2002).
So far, the literary references indicated no hint for
investigating the response of  Vicia faba  to ascorbic
acid. Therefore, the present work aimed at: firstly
investigating changes in crop yield, seed contents and
protein   pattern   in   NaCl-stressed   bean   plants,
secondly   assessing   the   role   of   ascorbic   acid   to
alleviate these changes, thirdly finding an explanation
for   such   alleviatory   role   and   finally   finding   a
recommended   dose   for   treating  Vicia   faba  with
ascorbic acid.
MATERIALS AND METHODS
Germination was carried out at room temperature
(23 ±2°C) in 0.02 m
2 plastic dishs, each contained
780 g acid washed sterilized sandy soil. Seeds were
divided into 5 groups according to the used NaCl level
(0.0, 50, 100, 150 and 200 mM). Each group was
classified   into   2   subdivisions   depending   on   the
concentration of ascorbic acid (0.0 and 50 ppm).
Each dish contained 15 seeds that were irrigated
with 50 ml NaCl solution. The photoperiod was 10:14
hours (light/darkness). At 12-day old, the germinating
seeds were collected to determine the percentage of
germination, growth parameters(radicle and plumule
lengths, fresh and dry weights), pigment contents in
cotyledonary   leaves,   carbohydrate   contents,   total
soluble proteins, total alkaloid content, and the activity
of alpha and beta amylases. 
Plant Material and Growth Conditions
Faba bean seeds (Vicia faba  cv. Misr 2) were
obtained   from   Gemmiza   Agricultural   Research
Station, Gharbia, Egypt. 
The seeds were selected for uniformity of size and
shape and surface sterilized (2.5% clorox for 5 min.)
and rinsed thoroughly in distilled water. The seeds
were then soaked in freshly prepared ascorbic acid
(50   ppm   ≈   0.3   mM;  as   recommended   dose   as
described   by  El-Tayeb,   (1995)   or   distilled   water
(control) for 4 hrs at natural environmental conditions.
MEASURMENTS
At 12-day old the seedling radicle and plumule
organs were dried in an aerated oven, at 70°C, to
constant   weight.   Carbohydrates   were   extracted   in
borate buffer pH 8 [0.1 dry mass (10 cm
3 buffer)
-1].
Carbohydrates   were estimated  quantitatively  using
Nelson (1944) with some modifications was done by
Naguib (1963) these modifications are ten mg of the
dry plant residue after extracting in borate buffer were
mixed with 0.2 ml of 0.1 % (w/v) amylase and 0.1 ml
acetate buffer (6 ml 0.2 N acetic acid + 4 ml 0.2 N Na-
acetate), completed to 3 ml with distilled water, left for
24 hrs at room temperature, then centrifuged for 15
min   at   3000   rpm   and   starch   can   be   measured
quantitatively.  Soluble   proteins   were   assayed
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according   to  Bradford   (1976).   Alkaloids   were
measured   quantitatively   according   to   the   method
described   by  Harborne,   (1973).  Alpha   and   beta
amylases were assayed according to Mac Gregor,
(1978). 
Statistical analysis - Data obtained were analyzed
statistically to determine the degree of significance
between treatments. The method of two ways analysis
of variance (ANOVA; factorial) was applied for all
data. The least significant difference (LSD) at 5 %
was used to compare means (Steel and Torrie, 1980).
RESULTS
The results revealed that salinity stress induced a
significant   decrease   in   the   percentage   of   seed
germination, radicle and plumule lengths, and fresh
and dry weights of 12-day old  Vicia faba  seedlings
(Fig 1). This inhibitory effect was more pronounced at
the high levels of salinity and it is in agreement with
the results obtained by some authors (Abd-El-Samad,
1993; Hamada and El-Enany, 1994; Pascal  et al.,
1997; Mola-Doila et al., 1998; Sallam, 1999; Shukry
and El-Bassiuny 2002). It could be also mainly due to
sodium ions toxicity (La Haye and Epstein, 1971;
Munns  et al., 1982; El- Tayeb 1995), water deficit
(Meiri  and  Poljakoff-Mayber,  1970;   Ahmed  et  al.,
1980; Shaddad, 1990), osmotic effects, ion imbalance
and/or   a  combination  of  these   effects  (Al-Hakimi,
2000). In addition, Sairam et al. (2002) showed that
salinity decreased relative water content, membrane
stability and biomass of wheat genotypes. Amini and
Ehsanpour (2006) reported  that increasing  salinity
decreased the Lycopersicon esculentum germination
percentage  and  seedling   dry  weight.  Jiang  et  al.
(2006)   found   that  Gossypium   hirsutum  seedling
growth indicated by height, and fresh and dry weights
was reduced by NaCl.
Soaking   seeds   in   ascorbic   acid   alleviate   the
suppressive effects of the relatively higher salinity
levels on the seed germination, radicle and plumule
lengths, and fresh and dry matter yield of Vicia faba. It
appears probable from the response that vitamin C
may act as growth stimulants (Greulach and Adams,
1963) which can play a role in reversing the effect of
NaCl on metabolic activities relevant to growth. Such
promoting effects of vitamin C on growth were also
obtained by Khan and Ansarie (1984); Ansari and
Khan (1986); Shaddad  et al. (1990); Mozafar and
Oertli (1992); Azooz (1997); El-Tayeb  et al.  (1999);
Al-Hakimi and Hamada (2001).
Azooz et al. (2013) showed that Vicia faba plants
exhibited   a   significant   reduction   (p≤0.05)   in   their
growth parameters and water status in response to
150 mM NaCl compared to control plants. Similar
reduction in growth performance were found in some
plants under saline conditions (Ates and Tekeli, 2007;
Azooz, 2009; Ekmekçi and Karaman, 2012; Kaya et
al., 2013). This might be attributed to the toxic effect
of salinity or increased crucial osmotic pressure, at
which the broad bean plants would not be able to
absorb water due to osmotic effect and decrease in
some physiological activities. The higher reduction in
roots dry weight than shoots as response to salinity
stress may be due to the ability of these plants to limit
Na
+ and Cl
- transport into the shoots. This is critically
important for the maintenance of high growth rates,
and   protection   of   metabolic   processes   in   cells
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elongation from the toxic effects of Na
+ (Razmjoo et
al., 2008).
The   data   of   photosynthetic   pigments   (Fig.   2)
clearly   demonstrated   that   the   biosynthesis   of
pigments was substantially affected by the different
salt levels lowering the pigment content, particularly at
the relatively high level (200 mM NaCl). This inhibitory
effect is in harmony with the results obtained by Singh
et al. (1994). De La Rosa and Maiti (1995) assumed
that the tendency of salinity to lower the chlorophyll
content might be due to the synthesis of nitrogen
compounds acting as osmotic regulators e.g., proline
which consumes large amount of nitrogen. Misra et al.
(1997) found that chlorophyll and carotenoid contents
of 15-day old rice seedlings were different in their
response to salinity stress. The susceptible cultivar’s
had the higher values, while the resistant one had the
lower contents. Sairam et al. (2002) found that salinity
decreased   chlorophyll   and   carotenoids   of   wheat
genotypes. Amini and Ehsanpour (2006) stated that
the Chl. Content (a, b and total Chl.) was decreased
with increasing salinity in  Lycopersicon esculentum
seedlings.
Soaking  Vicia faba  seeds in ascorbic acid has
more or less furthered the inhibitory effects of salinity,
decreasing Chl. a, Chl. b and carotenoid contents.
Non-salinized seeds achieved the highest pigment
content with ascorbic acid treatment. Azooz  et al.
(2013)   stated   that   Salinity   treatments   showed   a
statistically   significant   decrease   (p≤0.05)   on
photosynthetic pigments viz., chl. a, b, carotenoids
and total chlorophyll content of Vicia faba L. leaves,
compared to control. Total chlorophyll content was
decreased about 42% less than control. The negative
effects of salinity stress on photosynthetic pigments
could   be   due   to   the   inhibition   of   chlorophyll
biosynthesis   or   increase   its   degradation   by
chlorophyllase, which is more active under salinity
stress (Khan et al., 2006; Ziaf et al., 2009; Akça and
Samsunlu, 2012).
Dolatabadian  et   al.   (2008)   reported   that,   salt
stress   leads   to   an   increase   in   free   radicals   in
chloroplasts and destruction of chlorophyll molecules
by reactive oxygen species, while ascorbic acid can
detoxify and neutralize the reactive oxygen species by
prevention of free radicals activity, leading to increase
in   chlorophyll   content   of   vitamin-   treated   plants.
Hassanein et al. (2009) suggested that these vitamins
may interfere with the protection of chloroplasts and
their   membrane   against   NaCl   toxicity   and;   thus,
maintaining   their   integrity.   Azzedine  et   al.   (2011)
reported that, application of vitamin C was effective to
mitigate the adverse effect of salt stress on plant
growth   due   to   increased   leaf   area,   improved
chlorophyll and carotenoids contents.
In   addition,   the   results   showed   that
monosaccharide and sucrose contents of both radicle
and plumule of Vicia faba seedlings were increased
by salinity treatments. On the other hand, the starch
content was gradually decreased by salinity.(Fig. 3)
Soaking seeds in ascorbic acid slightly affected
soluble as well as insoluble carbohydrate contents.
This increase in soluble component may, in turn, play
an important role in increasing the osmotic pressure of
the cytoplasm, which is in accordance with the results
obtained by Flowers et al. (1977), Drossopoulous et
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al. (1987), Shaddad et al. (1990), Ashraf and Fatima
(1995), and  Ebrahim  (2005).   On the  other  hand,
Handa  et al. (1983) found that the concentration of
reducing sugars increased in the cultured tomato cells
with adaptation to salinity concentrations as high as
600 mM. 
Also, El-Tayeb et al. (1999) recorded that, soluble
carbohydrates were increased in  Trigonella foenum
graecum by salinity stress. Thus, it can say that Vicia
faba is fairly well adapted to salinity.
The results of total soluble protein of  Vicia faba
seedlings (Fig 4) showed that, the low and moderate
levels   of   salinity   raised   both   radicle   and   plumule
protein contents, whereas the relatively high and very
high salinity levels caused a noticeable reduction.
Ascorbic acid treatment failed to make a recovery
against salinity stress. It can be said that the strategy
of osmotic adjustment of Vicia faba cv. Misr 2 was
mediated by soluble carbohydrate rather than soluble
proteins. This results are in accordance with those
obtained  by El-Tayeb  et  al. (1999); Heikal  et  al.
(1999); Ismail and Azooz (2002). Jiang et al. (2006)
stated that soluble protein content was increased in
leaves and decreased in stem of Gossypium hirsutum
seedlings due to salt stress, and was decreased in
roots by 50 and 100 mM NaCl.
Azooz et al. (2013) said that salinity stress caused
a   significant   increase   (p≤0.05)   of   soluble
carbohydrates, total free amino acids and proline,
while soluble proteins were decreased in both roots
and shoots of broad bean plants, compared to un-
salinized   control   plants.   The   increase   in   soluble
carbohydrates due to salinity stress has been reported
in other plants (Ramezani et al., 2011). The reduction
of protein was previously recorded by Bassuony et al.
(2008) and Sadak et al. (2010). They concluded that,
the reduction of protein  under salinity stress  was
suppressed by the accumulation of total amino –N
and proline. Dolatabadion et al. (2008) revealed that
salt stress increased proline content, and application
of vitamins scavenged reactive oxygen species and
prevented the biosynthesis of extra proline in canola
plant.
The data revealed that the alkaloid content of
beans plumule gradually increased with increasing the
level of NaCl (Fig 5). Also, the presence of ascorbic
acid with stressed plants appeared the same effect on
the alkaloid content of the plumule organs. It could be
concluded that alkaloid might be acting as protective
metabolite   against   salt   stress   (Misra   and   Gupta,
2006)
The results appeared that alpha and beta amylase
activities of untreated seeds were higher than treated
seeds with NaCl, while they were gradually decreased
with   increasing   NaCl   level.   Also,   application   of
ascorbic  acid to the stressed seeds  appeared to
ameliorate   the   inhibitory   effect   of   NaCl   on   the
enzymatic activities (Fig 6). This protect the plants
from injury and damage, where regulated the activity
of   amylases.   In   this   connection,   Guerrier   (1991)
concluded that improved axis growth of  Vicia faba
with KCl and CaCl2, was inversely related to NaCl
accumulation coupled with an adaptive control of the
hydrolytic activities. Also, Shukry and El–Bassiouny
(2002) reported that amylase activity and total soluble
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sugars   of  Vicia   faba  seeds,   during   germination,
decreased with different concentrations of sea water
(5, 25 and 50%).In the contrast, Hassanein  et al.
(2009) showed that salinity caused highly significant
increases in amylase activity in Zea mays plant. Also,
Rather and Doering (1984) who found that salinity
stimulates   amylases   and   this   accompanied   with
starch hydrolysis. Soaking of grains in/or spraying of
plant   with   ascorbic   acid   vitamin   was   generally
associated with marked decreases in the activities of
amylases concurrently with increasing  the soluble,
insoluble and total carbohydrate contents indicating
that vitamins could alleviate the inhibitory effects of
salt   stress   by   inhibiting   amylase   activity   and/or
enhancing   photosynthetic   mechanism
(Kodandaramaiah, 1983).
 
Figure 1. Percentage of germination, radicle and plumule lengths, and fresh and dry weights of 12-day
old  Vicia faba  seedlings as affected by NaCl level (0.0, 50, 100, 150 and 200 mM) and
presoaking in 50 ppm ascorbic acid ; A: 0.0 mM NaCl, B: 50 ppm Asc., C: 50 mM NaCl, D: 50
mM NaCl + Asc., E: 100 mM NaCl, F: 100 mM NaCl + Asc., G: 150 mM NaCl, 150 mM NaCl +
Asc., I: 200 mM NaCl, J: 200 mM NaCl + Asc.
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Figure 2. Pigment contents of the leaves of 12-day old Vicia faba seedlings as affected by NaCl level
(0.0, 50, 100, 150 and 200 mM ) and presoaking in 50 ppm ascorbic acid; A: 0.0 mM NaCl, B:
50 ppm Asc., C: 50 mM NaCl, D: 50 mM NaCl + Asc., E: 100 mM NaCl, F: 100 mM NaCl +
Asc., G: 150 mM NaCl, 150 mM NaCl + Asc., I: 200 mM NaCl, J: 200 mM NaCl + Asc.
 
Figure 3. Reducing sugars, sucrose and polysaccharide contents of 12- day old Vicia faba seedlings as
affected by NaCl level (0.0, 50, 100, 150 and 200 mM) and presoaking in 50 ppm ascorbic
acid; A: 0.0 mM NaCl, B: 50 ppm Asc., C: 50 mM NaCl, D: 50 mM NaCl + Asc., E: 100 mM
NaCl, F: 100 mM NaCl + Asc., G: 150 mM NaCl, 150 mM NaCl + Asc., I: 200 mM NaCl, J:
200 mM NaCl + Asc. 
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Figure 4. Soluble protein contents of 12-day old Vicia faba seedlings as affected  by NaCl level (0.0,
50, 100, 150 and 200 mM) and presoaking in 50 ppm ascorbic acid; A: 0.0 mM NaCl, B: 50
ppm Asc., C: 50 mM NaCl, D: 50 mM NaCl + Asc., E: 100 mM NaCl, F: 100 mM NaCl + Asc.,
G: 150 mM NaCl, 150 mM NaCl + Asc., I: 200 mM NaCl, J: 200 mM NaCl + Asc.
 
Figure 5. Total plumule alkaloids content of 12-day old Vicia faba seedlings as affected by NaCl level
(0.0, 50, 100, 150 and 200 mM) and presoaking in 50 ppm ascorbic acid; A: 0.0 mM NaCl, B:
50 ppm Asc., C: 50 mM NaCl, D: 50 mM NaCl + Asc., E: 100 mM NaCl, F: 100 mM NaCl +
Asc., G: 150 mM NaCl, 150 mM NaCl + Asc., I: 200 mM NaCl, J: 200 mM NaCl + Asc.
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Figure 6. Alpha (α) and β amylase activities of 2-day old Vicia faba seedling as affected by NaCl level
(0.0, 50, 100, 150 and 200 mM ) and presoaking in 50 ppm ascorbic acid; A: 0.0 mM NaCl, B:
50 ppm Asc., C: 50 mM NaCl, D: 50 mM NaCl + Asc., E: 100 mM NaCl, F: 100 mM NaCl +
Asc., G: 150 mM NaCl, 150 mM NaCl + Asc., I: 200 mM NaCl, J: 200 mM NaCl + Asc.
CONCLUSION
The present work demonstrated that presoaking
Vicia faba seeds with 50 ppm ≈ 0.3 mM ascorbic acid
for 4 hrs before germination ameliorated the negative
effect of NaCl- stress on growth criteria and some
metabolic activity.
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